Introduction {#S0001}
============

Chronic pain is estimated to affect 100 million adults in the United States.[@CIT0001] It is a significant public health problem that costs the United States between \$560 to \$635 billion, with a value of lost productivity ranging from \$299 to \$334 billion.[@CIT0002],[@CIT0003] Chronic pain is an unpleasant sensory and emotional experience,[@CIT0004],[@CIT0005] and can be difficult to treat as the experience itself is subjective to the individual.[@CIT0006]--[@CIT0009] Chronic pain often co-occurs with mental health disorders such as depression, anxiety, and/or substance use disorders which may complicate its treatment.[@CIT0007]--[@CIT0010] However, co-occurring disorders are often not diagnosed, and even when identified, are often not effectively addressed and can therefore be substantial barriers to successful pain treatment.[@CIT0011],[@CIT0012] Such comorbid diagnoses can reduce an individual's quality of life and increase somatic symptom severity[@CIT0003],[@CIT0013] as well as short-term mood changes, and sleep disruption.[@CIT0014]

Interdisciplinary care that addresses the diverse biopsychosocial dimensions of chronic pain has been recognized as the gold standard of care of chronic pain for decades.[@CIT0015],[@CIT0016] Yet, there are numerous health system barriers that prevent the implementation of interdisciplinary care.[@CIT0017] Medication management, including widespread use of opioids, has dominated pain care in recent years.[@CIT0007],[@CIT0018],[@CIT0019] While opioid prescriptions have fallen almost a third from their peak in 2011, opioids are still prescribed at a rate eight times higher than in 1999.[@CIT0020] The increased clinical availability of opioid medications has also been associated with increased medication misuse, diversion, addiction and overdoses; moreover, evidence of the long-term effectiveness of opioid medications in the treatment of chronic pain is inconclusive.[@CIT0018],[@CIT0021] In addition, opioids often mask chronic pain symptomology without addressing the root cause of pain.[@CIT0022] With recent attention to the challenges associated with widespread use of opioids, there has been renewed interest in interdisciplinary care. Few studies have methodically examined the impact of such care on pain, pain interference in function, psychiatric co-morbidity and opioid use.[@CIT0023],[@CIT0024] This paper will report outcomes of an interdisciplinary residential chronic pain program aimed at treatment of both pain and co-occurring disorders in a private residential facility that also offered inpatient treatment for specific psychiatric disorders.

Patients and Methods {#S0002}
====================

Study Population {#S0002-S2001}
----------------

This retrospective chart review included patients admitted from March 2012 through August 2017 who completed treatment. The program was a minimum 28-day residential program with a maximum census of eight patients, located within a psychiatric hospital in New Canaan, Connecticut. Patients were admitted for a complaint of chronic pain with or without co-occurring mental health or substance diagnoses. The program focused on acquisition of self‐management skills with goals to reduce pain, improve coping with residual pain, increase function, manage mood, effectively treat co-occurring disorders (mental health or addiction), reduce medication reliance, and enhance overall quality of life.

The authors conducted a retrospective review following the Gearing, Mian, Barber, and Ickowicz[@CIT0025] method for conducting a convenience sampling protocol retrospective chart review. A convenience sampling method was elected over quota or systematic sampling given its greater sensitivity to changes over time and reduction of response bias. During the selected time period, 256 patients had been admitted to the program. Of the 256 patients, 131 patients' medical charts were extracted representing 51% of the total sample. Documentation of the following criteria was necessary for inclusion of the study: 1) Psychiatric diagnosis upon admission, if any; 2) Self-reported pain severity at admission and discharge and pain duration in number years; 3) Opioid medication use, if any, at admission and discharge in morphine milliequivalents (MSEq) and 4) Completion of the 28-day program.

Program and Treatment {#S0002-S2002}
---------------------

The program was a 28-day residential program within a psychiatric treatment facility that included an on-site inpatient unit and six other residential programs including eating disorders, women's and men's substance use disorders to dual diagnoses programs, adolescent programs, dialectical behavior therapy, and thought disorders. All patients in the CPRC program participated at the minimum five days a week of individuals or group psychotherapy. Therapies included 1) cognitive-behavioral therapy (CBT) to comprehensively address pain, mood and substance use disorders; 2) group-based mindfulness strategies including meditation, body awareness, gratefulness; 3) PT supervised physical therapy tailored to individual condition; 4) land-based exercise (aerobic, stretch, strengthening); 5) Aquatic exercise; 6) goal setting and process groups; and 7) education on pain, mood, substance use, sleep hygiene, nutrition, and related topics. Patients also participated in community-based 1) 12-step groups including Chronic Pain Anonymous, AA, NA; 2) Movement groups including yoga, Tai Chi, Chi Gong; 3) Art therapy; and 4) Family programs. All interventions were conducted by licensed practitioners in their respective disciplines (ie, psychologists, physical therapists, marriage family therapists).

Treatment was primarily group-based but included individual counseling sessions with a psychologist a minimum of twice weekly, individual PT sessions at least weekly, and medical/psychiatric appointments from 1 to 5 times a week as indicated. The schedule of therapeutic activities was intensive. Weekday mornings included meditation and goal setting, one hour of gym exercise and one hour of water-based therapy; afternoons included three hours of psychotherapy or education sessions plus individual meetings; and evenings included at least one hour of movement or self-help group. On weekends, patients engaged in similar activities on a less intensive basis. The residence was staffed by residential counselors trained to provide support for positive change between formal treatment sessions.

Medication management was individualized by the patient's treating psychiatrist. Medications for anxiety, depression or other psychiatric conditions as well as non-opioid medications for pain were adjusted as clinically indicated based on the patient's presentation and the clinical judgment of the physician. This could include adjusting or eliminating admission medications or introducing new medications. All patients using opioids on admission were encouraged to engage in a trial taper of opioids in order to better understand how opioids impacted their experience of pain and to help determine next steps with respect to opioid management. Tapers were individualized with a goal of permitting each patient to remain actively engaged in the program while tapering. Based on the response to trial taper, options for ongoing opioid management included: no use of opioids, transition to opioid agonist therapy for OUD, or continuation of opioid analgesic therapy, often at a lower dose or rotated to a new opioid, depending on identified co-morbidities and responses to trial opioid taper. In the few patients on opioid agonist therapy for opioid use disorder (OUD) at admission, medications were either continued or transitioned to alternative OUD medication.

The study was initially reviewed and approved by the Institutional Review Board at the Yale School of Medicine on October 10, 2017 (IRB\# 2,000,021,764). No consent was needed as the current study was a retrospective analysis to review their medical records, thus allowing for a waiver of consent. All patient data were confidential and complied with the Declaration of Helsinki.

Assessments {#S0002-S2003}
-----------

Several validated assessments were administered at intake and discharge to evaluate change, and to be utilized by the clinical team to inform care. Brief Pain Inventory-Short Form (BPI-SF)[@CIT0026] is a self-report Likert and open-ended survey to assess pain severity (worst, least, average and right now) and interference in seven areas (mood, physical activity, work, social activity, relations with others, sleep, and enjoyment of life). The scores range from 0 to 10 with higher scores indicating worse pain and lower scores indicating little to no pain. For pain interference and severity, all questions within each sub-category were aggregated and averaged. The reliability, construct validity, and sensitivity to changes over time have been validated in various studies assessing chronic pain.[@CIT0027]

Beck Depression Inventory-II (BDI-II)[@CIT0028] is a 21-question self-report assessment that assesses the intensity of depression based on the DSM-IV criteria. The BDI-II is considered the gold-standard assessment for depression and has shown very good reliability (Cronbach's alpha = 0.92). Beck Anxiety Inventory (BAI)[@CIT0029] is a 21-question self-report assessment that assesses the descriptive of subjective, somatic, or panic-related symptoms of anxiety. Pain Catastrophizing Scale (PCS)[@CIT0030] is a 13-item self-report assessment that quantifies an individual's pain experience, and how they feel and think about pain.

Chronic Pain Coping Inventory (CPCI)[@CIT0031] is a 70-question self-report assessment evaluating how patients manage their pain symptoms across illness and wellness coping. The CPCI evaluates illness and wellness-focused coping strategies across multiple sub-domains (guarding, resting, asking for assistance, exercise, relaxation, task persistence, coping, pacing, and seeking social support). Raw scores are converted into aggregated T-scores based on the normalized sample population, and then plotted on visual profile. The profile is broken into three categories: Clinical, subclinical, and adaptive ranges. Cronbach's alpha score ranges from 0.71 to 0.89 depending on the specific population.

Data Retrieval and Analysis {#S0002-S2004}
---------------------------

Two graduate research assistants were trained by the lead investigator on conducting formal inter-observer agreement (IOA) procedures. A pre-established Microsoft Access system was created to collect and manage data, and both research assistants were asked to individually assess accuracy of the inputted data. To ensure the accuracy of the data collected, 60% of all inputted data was evaluated by the second reviewer. IOA was calculated by dividing the total number of agreements by the total sum of agreements plus disagreements and multiplying by 100%. Agreements were defined as two observers evaluating the same response within each Microsoft Access cell. Total IOA for all evaluated observations was 99% with four disagreements.

Data on opioid use on admission and at discharge were extracted from admission and discharge medications lists. Admission medication lists, including opioids and opioid dosing, were documented through a combination of review of medication bottles brought in with the patient, check of relevant state prescription drug monitoring programs, records of referring clinicians and patient report. Morphine milligram equivalents of all opioids were calculated using the Center for Medicare and Medicaid Services (CMS) opioid oral morphine milligram equivalent (MME) Conversion Factor chart ([<https://www.cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDrugCovContra/Downloads/Oral-MME-CFs-vFeb-2018.pdf>]{.ul}).

All statistical analyses were conducted on IBM SPSS version 24. Categorical variable characteristics were evaluated by using analysis of variance for continuous variables. Pair-wise t-tests were used to compare rates of the standardized assessments, ie, BPI, BDI, BAI, PCS, and CPCI at admission and discharge of the CPRC program. Adjustments were made for multiplicity, missing information, and recording error. Specific patient information was extracted from the chart: age, gender, tobacco usage, pain diagnosis, mental health disorders diagnoses (primary, secondary, and tertiary), and opioid misuse.

Results {#S0003}
=======

Demographic and clinical variables of the pooled patients for the chart review are seen in [Table 1](#T0001){ref-type="table"}. The median age of the current study was 47.6 years with a standard deviation of 13.5 years. Of the total population sampled, musculoskeletal issues were the majority of primary pain diagnoses, affecting 72% (n=95) individuals; of these 53% (n=69) had axial (back or neck) pain and 19% (25) had limb-related musculoskeletal pain. It should be noted that 48% (n=63) were treated for a combination (minimum of three categories) of the following: psychiatric disorders, substance use, and chronic pain. On average, patients reported seeking treatment for their pain symptoms for 11.8 years prior to admission.Table 1Admission Diagnoses and DemographicsDemographicsNPercentageDemographicsNPercentageAge (in Years) (SD)47.6 (13.5)Initial Primary Psychiatric DisorderGenderDepressive State/Depression NOS7255% Male6852%Anxiety State/Anxiety NOS4736% Female6348%Posttraumatic Stress Disorder53%EthnicityBipolar I or II43% White11588%No Diagnosis43% Hispanic54%Number of Patients with Two or More Psychiatric Disorders11689% Black43% Asian75%Substance Use DisorderHighest EducationOpioid Use Disorder6247% High School Degree1410%Alcohol Use Disorder3023% Associates Degree1915%Sedative-Hypnotic Use Disorder2116% College7759%None1814% Advanced Degree2116%Number of Patients with Two or More Substance Use Disorders1310%Chronic Pain (in Years) (SD)11.8 (9.1)Initial Primary Pain DiagnosisCurrent Tobacco Usage Musculoskeletal-Axial7053%Yes86% Musculoskeletal-Joint/Limb2419%No14394%Neuropathic1510% Headache97% Abdominal75% Facial43% Genital11%Number of Patients with Two or More Pain Conditions4635%[^1]

Pain, Pain Interference and Pain Coping {#S0003-S2001}
---------------------------------------

Values of the Brief Pain Inventory-Short Form (BPI-SF) were evaluated for pain severity and interference at admission and discharge. Scores for the BPI-SF range can from 0 (No pain/Does not interfere) to 10, where on each sub-scale, pain severity and interference, questions were aggregated. As seen in [Table 2](#T0002){ref-type="table"}, on admission to the CPRC program, patients averaged a pain severity score of 6.2 (SD= 0.4), and a pain interference score of 6.5 (SD= 1.2) (p\< 0.01). On discharge, mean pain severity and interference scores dropped, respectively, to 4.5 (SD=1.7) and 3.5 (SD= 0.13) demonstrating a significant difference between admission and discharge using a pair-sampled *t*-test (p= .012). A significant change was seen when evaluating total pain catastrophe scores at admission (M=29.4, SD=6.2) to discharge \[(M=13.9, SD=4.5), t (68) = 4.9, p \< 0.01\]. A Pair-sampled *t*-test evaluated the differences between admission and discharge across sub-factors of the CPCI which indicated a significant difference for guarding (p \<.001); asking (p =.018); exercise (p \<.001); relaxation (p \<.001); and pacing (p=.024), with each changing in a direction favorable for pain management.Table 2Average Scores Differences Between Admission and DischargeAssessmentsAdmissionDischargeP-valueMSDMSDBrief Pain Inventory Pain Severity6.20.44.51.70.01 Pain Interference6.51.23.50.10.012 Pain Catastrophizing Total29.46.213.94.5\<.001CPCI Guarding (IFS)56.22.543.41.2\<.001 Resting (IFS)54.70.148.91.70.15 Asking for assistance (IFS)50.51.144.41.60.018 Exercise (WFC)48.31.459.60.2\<.001 Relaxation (WFC)52.60.760.31.3\<.001 Pacing (WFC)47.80.252.70.90.024 Coping (WFC)51.10.455.61.30.23 Seeking (WFC)55.81.157.20.90.08 Beck Depression Inventory27.94.79.82.3\<.001 Beck Anxiety Inventory24.96.112.81.40.001[^2]

Depression and Anxiety {#S0003-S2002}
----------------------

As seen in [Table 2](#T0002){ref-type="table"}, rating scales on depression measured by the Beck Depression Inventory II (BDI-II) and anxiety measured by Beck Anxiety Inventory (BAI) were administered at admission and discharge of the 28-day program. Initial depression scores (M=27.9, SD= 4.7) indicated a moderate level of depression; at completion of the program, scores were significantly decreased to minimal depression levels (M=9.8, SD=2.3). Differences between the admission and discharge depression values were highly significant (p\<.001). A similar reduction was noted for anxiety. On admission, anxiety scores were moderately severe (M=24.9, SD=6.1) and upon completion the average scores indicated mild anxiety (M=12.8, SD=1.4) exhibiting a significant difference (p=.001).

Opioid Management {#S0003-S2003}
-----------------

Of 114 patients for whom complete admission and discharge data on opioid use were available, 72% (n=82) were being prescribed opioids for pain management at the time of admission at an average admitting dose of 141 MME per day. Specific opioids, number of users, and mean doses on admission and discharge are shown in [Table 3](#T0003){ref-type="table"}. Among patient using opioids on admission, at the time of discharge 37% had been tapered off all opioids and elected to stay off, 43% were transitioned to buprenorphine (one patient to methadone) for treatment of opioid use disorder (OUD) and for incidental effects on pain, and 20% continued on analgesic opioids at a mean discharge dose of 71 MME. The mean dose of opioids on admission for those who were transitioned to MAT for OUD was 207, for those off of all opioid's admission MME was 115 and for those continuing on opioids for analgesia, admission MME was 85. Significance was demonstrated between admissions and discharge (p\<.001) of the overall sample and between opioid discharge groups (p\<.001).Table 3Admission and Discharge Opioid MedicationsAdmission**PrescriptionFrequencyAverage Dosage (per Day)**Buprenorphine/naloxone124mgFentanyl transdermal354mcgHydrocodone223mgHydromorphone732mgMorphine sulfate882mgMethadone665mgHydrocodone/acetaminophen510mgOxycodone3090mgOxycodone/acetaminophen410/325mgTramadol11143mgOxymorphone572mg**DischargePrescription OpioidFrequencyAverage Dosage (per Day)**Buprenorphine/naloxone3515mgMethadone178mgMorphine sulfate235mgTramadol450mgOxycodone/acetaminophen25/325mgOxycodone855mg

Discussion {#S0004}
==========

The current chart review examined the impact of an interdisciplinary residential treatment program that promotes self-care using behavioral psychotherapies and movement therapies, as well as adjustment of medications, on changes in pain, pain interference, co-occurring mental health diagnoses, and on use of opioid medications. The review demonstrated that treatment was associated with significant reductions in pain and pain interference as well as highly significant reductions in anxiety and depression and highly significant improvements in pain coping. At the same time, there was areduction in reliance on opioids for pain relief with 80% of patient either entirely discontinuing opioids (37%) or transitioning to opioid agonist treatment for opioid use disorder (43%).

Our findings with respect to the association of opioid doses on admission with opioid management deserve mention. It is of note that patients ultimately prescribed buprenorphine for OUD were on significantly higher mean doses of opioids on admission than those who tapered off of opioids. This is consistent with the observations that higher doses opioid therapy of pain can be associated with opioid use disorders.[@CIT0022],[@CIT0032] Perhaps more interesting, however, is that those who continued on analgesic opioids at discharge were admitted on significantly lower mean doses of opioid than those who discontinued opioids (many of whom reported improved pain with taper off of opioids though we did not track these numbers) or who were transitioned to buprenorphine for OUD. This resonates with the observation that a subset of individuals on lower dose opioid therapy long term may experience continued analgesia with opioid use without developing misuse, hyperalgesia or other negative outcomes of use.[@CIT0020] However, long-term follow-up of this or similar groups to examine persistence of analgesia, types of pain, co-morbidities, function and other variables would be necessary to fully support the observations.

The current findings are not surprising given that evidence-based interventions including CBT, ACT, mindfulness, and movement therapies have independently demonstrated effectiveness in treatment of pain, of anxiety, of depression and of substance use disorders.[@CIT0010],[@CIT0033]-[@CIT0035] However, our findings add credence to the understanding that integrated use of these approaches can be tailored to treat all components of the combined triad of pain, substance misuse and co-occurring mood disorders simultaneously; that is, it is possible to address co-occurring pain, anxiety, depression and SUDs as a constellation of concerns in an integrated manner using a common set of therapies. Combining these in an intensive residential setting had the added value of collaboration with others with similar challenges to share in problem-solving and development of personal strategies to reduce pain and other symptoms and to improve function. It also reduced social isolation which is a common problem for patients with chronic pain and promoted evolution of interpersonal skills within the context of chronic pain. Further research is needed to advance the effectiveness and optimize the time, cost and resource efficiency of interdisciplinary care in managing this constellation of intersecting chronic pain, substance misuse and mental health disorders in different settings since access to such intensive treatment is limited. It should be noted however, that scant evidence currently available supports a view that investment in interdisciplinary care of chronic pain can yield long term cost savings.

Given the high prevalence of chronic pain co-occurring with mental health and substance use disorders, it is critical to seek more accessible outpatient paradigms that can successfully achieve similar outcomes. This program and similar interdisciplinary programs[@CIT0036] have engaged patients in intensive, daily, several week periods of care which is not a paradigm that can realistically be made available to all persons with chronic pain and co-occurring disorders.[@CIT0037] A recent study examined three care paradigms offering different intensities of rehabilitative care for chronic low back pain and found that all reduced work sick leave taken in the ensuing 12 months and that there were no differences in quality of life, sociability or personal beliefs between patients completing the different treatment intensities. Intensive residential care is not a realistic model for all patients,[@CIT0038] given the high costs to individuals and/or third parties.[@CIT0039] However, combinations of these integrated approaches are likely necessary to achieve similar outcomes.[@CIT0040],[@CIT0041] Further research is needed to help determine which treatments, at what intensities, and for what durations, are necessary to achieve satisfactory outcomes in terms of chronic pain and co-occurring mood and substance use to expand access and reduce costs and life disruption associated with treatment.

The determination of efficacy in chronic pain treatment is challenging due to the multiple variables involved in pain and pain treatment, including both co-occurring conditions that contribute to the experience of pain and simultaneous treatments provided to address pain and other symptoms, as well as due to the subjective nature of the experience. Farrar et al[@CIT0042] emphasized that effective treatment is apparent when clinical improvement has been demonstrated. While our study demonstrated clinical improvement in mood, pain, pain interference and pain coping in the context of comprehensive interdisciplinary care, it could not parse which elements of interdisciplinary care at what doses are essential to effective treatment.

Limitations {#S0005}
===========

There were a number of methodological limitations within the retrospective chart review. First, while this study demonstrates that pain and associated symptoms can be improved, pain interference with function reduced and medication reliance reduced through intensive interdisciplinary residential treatment, it does not indicate whether these improvements can be sustained over time in the individual's natural home environment which is the overall goal of treatment. Unfortunately, the treatment system did not generate adequate post-treatment data to identify pain, mood and substance-related changes over time post-discharge.

Second, all treatments were provided in the context of a clinical program that was not prospectively designed to generate research data which likely resulted in variability of treatment inputs. While treatment was standardized in terms of thematic content offered across the four-week period and in terms of general therapeutic approaches, treatment interventions were not formally manualized or uniform across providers and patients and no measures of fidelity to the various treatment paradigms were performed. Rather, experienced psychologists and social workers with training variously in CBT, ACT and/or mindfulness-based stress reduction, offered group and individual treatment, counseling and education in defined topic areas with identified goals, individualized to patient need. Similarly, for the physical component of the program experienced registered physical therapists provided individualized PT and oversight of independent exercise programs tailored to each patient. Additional therapeutic interventions such as art therapy, yoga, qi gong and some meditation groups were variable in content and frequency. In contrast, prospective clinical studies of pain interventions designed to study specific research questions usually more carefully define and control treatment inputs.

Third, while admissions staff made efforts to record as accurate data as possible regarding opioids and other medication use prior to admission using multiple sources of information, actual opioids and opioid doses used by individual patients prior to admission may not be perfectly accurate. Inaccuracies could impact the validity of our observations regarding correlations between admission opioid doses and subsequent opioid management.

Finally, when extracting and reviewing clinical data regarding patient experience of trauma, inconsistencies were noted in the charts that lead to incomplete data related to relevant clinical issues. For example, multiple sources of trauma information were noted, including query on admission regarding lifetime experience of "trauma", medical records indicating major traumatic injuries, and subsequent documentation of history of childhood or adult sexual, physical or emotional trauma in clinical notes. Given these inconsistencies, it was not possible to provide analysis of trauma as a variable shaping outcome for this current review.

Conclusions {#S0006}
===========

Patients with chronic pain and co-occurring mental health and substance disorders experienced both significant reductions in pain, anxiety, depression and pain interference related to enjoyment of life and activities, and improved coping with residual pain all while eliminating or reducing opioid reliance through an intensive, residential, four-week interdisciplinary pain program aimed at engaging them in self-care. Core treatment approaches included CBT, ACT, mindfulness training, physical therapy and exercise with additional therapeutic opportunities including yoga, art therapy, and meditation groups among others. Research is needed to determine which of these treatment approaches, in what combinations, and at what doses are critical to chronic pain management success to in order to develop more time and cost-effective delivery of care.
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[^1]: **Abbreviations:** SD, standard deviation; N, sample size; NOS, not otherwise specified.

[^2]: **Abbreviations:** M, mean; SD, standard deviation; CPCI, Chronic Pain Coping Inventory; IFS, illness-focused coping; WFC, wellness-focused coping.
